Introduction
============

Bladder cancer is the most common malignant tumor in the urinary system, which often occurs in the bladder mucosa. According to the statistics of the World Health Organization (WHO), bladder cancer is one of the world\'s top ten common tumors ([@b1-ol-0-0-8206],[@b2-ol-0-0-8206]). Bladder urothelial carcinoma is divided into non-muscular and myometrial infiltrating urothelial carcinoma. Patients with non-muscular infiltrating urothelial carcinoma are often treated with transurethral resection of bladder tumor, and intravesical instillation therapy after operation is used to prevent recurrence ([@b3-ol-0-0-8206]). Metastatic bladder cancer is mainly treated with chemotherapy, and the maximal effective rate of chemotherapy can reach 65% ([@b4-ol-0-0-8206]). Cinobufacini is made from the refined fat-soluble components in the dried toad skin extracted using a scientific method, which contains toad aglucones and bufalin that have an extraordinary anticancer effect, and the anticancer activity of the ingredients is ten times or even a hundred times stronger than those of the currently clinically used anticancer drugs such as paclitaxel, doxorubicin and camptothecin with no side effects, bringing benefits to many cancer patients ([@b5-ol-0-0-8206],[@b6-ol-0-0-8206]). Oral administration of cinobufacini has good curative effects in the treatment of liver, stomach, lung, colon, esophageal, pancreatic cancer and acute leukemia ([@b6-ol-0-0-8206]--[@b9-ol-0-0-8206]). However, there is no study on the effect of cinobufacini on human bladder cancer. Autophagy is a lysosomal-dependent degradation way in eukaryotic cells, which produces amino acids, fatty acids and adenosine triphosadenine for cell re-use by degrading the injured organelle proteins under hypoxia and other stress conditions, it is the survival mechanism of cells (including tumor cells) under the harsh environment ([@b10-ol-0-0-8206]), and it is also one of the mechanisms of drug resistance of many tumor cells.

The purpose of the present study was to elucidate the value of cinobufacini for bladder cancer by investigating the effect of cinobufacini on human bladder cancer cell line T24, its effect on T24 cell apoptosis and its specific mechanism, thus providing a theoretical basis for the clinical treatment of bladder cancer.

Materials and methods
=====================

### Instruments and materials

Human bladder cancer cell line T24 was purchased from the Cell Bank, Shanghai Institute of Life Sciences, Chinese Academy of Sciences (Shanghai, China); 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) kits (R&D Systems, Inc., Minneapolis, MN, USA), dimethyl sulfoxide (DMSO), cinobufacini standards and rapamycin (Sigma-Aldrich; Merck & Co., Inc., Whitehouse Station, NJ, USA); rabbit anti human polyclonal Bcl-2 (dilution, 1:500; cat. no. 2872), Bax (dilution, 1:500; cat. no. 2774), cleaved caspase-3 (dilution, 1:500; cat. no. 9661), p62 (dilution, 1:500; cat. no. 5114), LC3B (dilution, 1:500; cat. no. 2775) and Atg7 (dilution, 1:500; cat. no. 2631) antibodies were purchased from Cell Signaling Technology, Inc., (Danvers, MA, USA). Rabbit anti-human polyclonal GAPDH antibody (dilution, 1:500; cat. no. SAB2100894) was purchased from Sigma Aldrich; Merck & Co. Inc.. Horseradish peroxidase-labeled goat anti-rabbit secondary polyclonal antibodies (dilution, 1:2,000; cat. no. 7074) was from Cell Signaling Technology, Inc.. Enhanced chemiluminescence (ECL) liquid (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), pipettes (Eppendorf, Hamburg, Germany), polymerase chain reaction (PCR) instruments (Applied Biosystems; Thermo Fisher Scientific, Inc.), ultraviolet imaging system (Biometra GmbH, Göttingen, Germany), electronic balance (BP121S; Sartorius AG, Göttingen, Germany), −80°C refrigerator and low temperature centrifuge (Thermo Fisher Scientific, Inc.); microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The study was approved by the Ethics Committee of The Second Affiliated Hospital of Fujian Medical University (Quanzhou, China).

### Cell culture methods

The medium was replaced on an ultra-clean workbench for the human bladder cancer cell line T24 after the purchase. Cells were further cultured using Dulbecco\'s modified Eagle\'s medium (DMEM) (ultra-high glucose; containing 10% inactivated fetal bovine serum and 1% streptomycin) in an incubator with 5% CO~2~ and saturated humidity at 37°C until the cells grew to about 80% of the whole culture flask, and then they were subcultured. After that, the subcultured cells were further cultured under the above conditions until the cells grew again to the logarithmic growth phase, and the cells were treated. Plates were paved for follow-up experiments.

### Detection of cell viability

Human bladder cancer T24 cells in the logarithmic growth phase were prepared into 4×10^6^ single cell suspension and inoculated in 96-well plates at 100 µl/well. After the cells were cultured in an incubator with 5% CO~2~ and saturated humidity at 37°C for 24 h, 0.05, 0.1 and 0.5 mg/ml cinobufacini were used for treatment (cinobufacini was dissolved with 0.5% DMSO and diluted with medium), respectively. A total of six repeated wells were set in each group, and the DMSO treatment group was regarded as the negative control group. After the drug acted on the cells for a certain period of time, the cell viability detection test was performed according to the procedures of the MTT reagent instructions. After the cell culture was terminated, MTT-labeled reagent was added into the culture plates at 10 µl/well (the final concentration was 0.5 mg/ml). The plates were placed in an incubator with 5% CO~2~ for incubation at 37°C for 4 h. Then the dissolving solution was added into plates at 100 µl/well, which were placed in an incubator with 5% CO~2~ at 37°C for incubation overnight. Afterwards, the optical density of each well was detected with 550 nm as the detection wavelength and 750 nm as the reference wavelength. According to the formula, cell proliferation inhibition rate (%) = (1-average A value in the medication well / average A value in the control well) ×100%. The half maximal inhibitory concentration of cells (the concentration required for inhibiting the growth of 50% of cells; IC~50~) were calculated using the GraphPad Prism 6.0 (GraphPad Software, Inc. La Jolla, CA, USA) based on the effects of different drug concentrations on the inhibition rate of cell growth.

### Detection of cell apoptosis rate by Annex V/propidium iodide (PI) double staining

T24 cells were collected after they grew to the logarithmic growth phase and then prepared into 8×10^6^ single cell suspension. The cells were inoculated in 6-well plates with 300 µl each and cultured in an incubator with 5% CO~2~ and saturated humidity at 37°C for 24 h, after which cinobufacini at different concentrations was added for treatment for 24 h. The cells in each well were digested and washed with pre-cooled phosphate-buffered saline (PBS) three times, and then the above cell suspension was transferred to a flow tube. Annexin V-fluorescein isothiocyanate and PI were added to each tube, tubes were gently whirled, and the cells were incubated at room temperature for 15 min. A cell flow cytometer was used to detect the cells, and the detection in all the groups needed to be finished within 1 h, otherwise it would affect the detection effect.

### Hoechst 33258 staining

T24 cells in the logarithmic growth phase were digested and prepared into single cell suspension. The cells at the density of 6×10^6^ were inoculated in 24-well plates and further incubated for 12 h in an incubator until they were in good growth condition, and then cinobufacini at different concentrations was added. At 24 h after the further culture, the upper culture solution was carefully discarded, and pre-cooled PBS was used to wash cells twice. After that, cells were fixed with 4% paraformaldehyde for 10 min and washed with distilled water 3 times with 5 min each time. After the washing, Hoechst 33258 staining solution was added for staining away from light for 10 min. At the end of the staining, cells were washed with distilled water twice, after which the morphology of cells was observed under a microscope, and the level of cell apoptosis in each group was calculated.

### Quantitative real-time PCR

Cinobufacini (0.5 mg/ml) was used to study the effects of drugs on apoptosis and autophagy-related genes. The control, cinobufacini (0.5 mg/ml) and rapamycin group (0.5 mg/ml cinobufacini +50 nM rapamycin) were set, and cells treated in the above groups were digested and washed with PBS 3 times. TRIzol reagents (TRIzol kit; Thermo Fisher Scientific, Inc.) were added, followed by the addition of chloroform for centrifugation. The supernatant was obtained, and then isopropanol was added to extract cell RNAs in each group, after which RNAs were treated with 75% ethanol. After that, ethanol was discarded by centrifugation, and RNAs were dried. Then 50 µl diethyl pyrocarbonate was added to obtain RNA samples of each group. The complementary DNA chain was obtained by reverse transcription using the reverse transcription PCR kit and was taken as the template, after which primers, Taq polymerase and buffer, deoxy-ribonucleoside triphosphate mixture and double distilled water were added to perform PCR amplification on the PCR instrument. Finally, the products were placed on a quantitative PCR instrument to determine the messenger RNA (mRNA) expression of target genes. The primers were synthesized by Tiangen Biotech Co., Ltd. (Beijing, China). The primer sequences of each gene are shown in [Table I](#tI-ol-0-0-8206){ref-type="table"} and Bax/GAPDH, Bcl-2/GAPDH, cleaved caspase-3/GAPDH, p62/GAPDH, LC3/GAPDH and LC3/GAPDH were used to measure the expression level of related genes in each group.

### Western blot analysis detection

The control, cinobufacini (0.5 mg/ml) and rapamycin group (0.5 mg/ml cinobufacini +50 nM rapamycin) were set. Cells treated with the above-mentioned drugs were digested, and the lysate was added, followed by the centrifugation for 10 min at 1,200 × g at 4°C. The supernatant was the corresponding total protein in each group. The total protein concentration was measured using the bicinchoninic acid protein assay kit. Sodium dodecyl sulfate polyacrylamide gel electrophoresis was conducted for samples, which were then transferred to a polyvinylidene fluoride membrane (IPVH00010; Millipore Corp., Billerica, MA, USA). After that, Bax, Bcl-2, cleaved caspase-3, p62, LC3, Atg7 and GAPDH primary antibodies (dilution, 1:1,000) were used for incubation at 4°C overnight. After the washing, secondary antibodies conjugated with horseradish peroxidase (dilution, 1:5,000) were used for incubation for 1 h. Then ECL mixture was added, and the tabletting time was determined according to the fluorescence intensity of the protein band. The fixation was conducted after color development, bands were scanned, and ImageJ software (National Institutes of Health, Bethesda, MD, USA) was used for gray value analysis.

### Statistical analysis

The data of this study are expressed as mean ± standard deviation. The data were analyzed by SPSS 19.0 software (SPSS Inc., Chicago, IL, USA), and the t-test was used for intergroup comparisons. Enumeration data were compared by Chi-square test, and intergroup comparisons were detected using analysis of variance (ANOVA) followed by post hoc test (least significant difference). The analysis of homogeneity variance showed that if the variance was homogeneous, pairwise comparisons were conducted using Bonferroni method; if the variance was not homogeneous, pairwise comparisons were conducted using Welch method. Multiple comparisons were conducted using Dunnett\'s T3 method. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Detection of cell viability by MTT assay

MTT assay was used to detect the effects of cinobufacini at different concentrations on the viability of T24 cells. As shown in [Fig. 1](#f1-ol-0-0-8206){ref-type="fig"}, after cells were treated with 0.05, 0.1 and 0.5 mg/ml cinobufacini for 24 h, respectively, the cell viability was significantly decreased (P\<0.05, P\<0.01). The effect of 0.5 mg/ml cinobufacini on cell viability at different time was different and time-dependent, and 24 h after the treatment, the cell viability was the lowest, which was significantly lower than that of the control group (P\<0.01).

### Detection of cell apoptosis by flow cytometer

Apoptosis of cells was measured by a flow cytometer. As shown in [Fig. 2](#f2-ol-0-0-8206){ref-type="fig"}, the treatment with 0.05, 0.1 and 0.5 mg/ml cinobufacini could increase the apoptosis level of cells. The apoptosis level was the highest when the concentration of cinobufacini was 0.5 mg/ml (P\<0.01).

### Detection of cell apoptosis by Hoechst staining

The effects of cinobufacini on apoptosis of human bladder cancer cell line T24 was detected by Hoechst 33258. As shown in [Fig. 3](#f3-ol-0-0-8206){ref-type="fig"}, cinobufacini significantly increased the amount of apoptotic cells (P\<0.01).

### mRNA expression level

The relative expression levels of apoptosis- and autophagy-related genes were detected by real-time quantitative PCR instrument. As shown in [Fig. 4](#f4-ol-0-0-8206){ref-type="fig"}, after administration of cinobufacini, the expression levels of apoptosis-related genes, Bax and cleaved caspase-3 in T24 cells were increased (P\<0.01), that of Bcl-2 was decreased (P\<0.01), that of autophagy-related protein p62 was upregulated (P\<0.01), and that of LC3 was decreased (P\<0.01) compared with those in the control group. Protein changes caused by cinobufacini in the above conditions could be reversed after administration of rapamycin.

### Protein expression level

Western blot analysis was used to detect the expression levels of apoptosis- and autophagy-related proteins in each group. As shown in [Fig. 5](#f5-ol-0-0-8206){ref-type="fig"}, after administration of cinobufacini, the expression levels of apoptosis-related proteins, Bax and cleaved caspase-3 in T24 cells were significantly increased (P\<0.01), and that of Bcl-2 was decreased (P\<0.01) compared with those in the control group. After administration of rapamycin, the expression levels of Bcl-2, Bax and cleaved caspase-3 were comparable to those in the control group. After administration of cinobufacini, the expression levels of the autophagy-related protein p62 was upregulated (P\<0.01), the ratio of LC3-II/I was decreased (P\<0.01), and the expression level of Atg7 was decreased (P\<0.01), indicating that rapamycin can reverse the above-mentioned changes induced by cinobufacini.

Discussion
==========

Surgery combined with chemotherapy can significantly reduce the recurrence and deterioration of bladder cancer, but the current clinically commonly used chemotherapy drugs such as paclitaxel have a strong toxicity and irritation, limiting the treatment of patients and affecting the prognosis, thus reducing the effective rate of the treatment for bladder cancer ([@b11-ol-0-0-8206],[@b12-ol-0-0-8206]). Cinobufacini, as a traditional Chinese medicine preparation made from the toad skin, has been found to have significant heat clearing, detoxification, stasis and disintegrating mass effects, and it has less toxicity and irritation to patients ([@b13-ol-0-0-8206]). At present, a large number of research data show that cinobufacini significantly inhibits the proliferation of a variety of tumor cells and induces apoptosis ([@b14-ol-0-0-8206]). Ye *et al* ([@b15-ol-0-0-8206]) found that cinobufacini can block the cycle of leukemia cell lines, thus inducing the expression of apoptotic proteins and leading to cell apoptosis so as to inhibit cell proliferation. Wu *et al* ([@b16-ol-0-0-8206]) found that cinobufacini promotes apoptosis of liver cancer cells to a certain degree, but the mechanism still needs to be further studied. In the present study, it was found that cinobufacini could effectively inhibit the proliferation of bladder cancer cells and was dose- and time-dependent to some extent. Results of the flow cytometer and Hoechst staining revealed that cinobufacini could significantly increase the apoptosis level of bladder cancer cells. The above results suggested that the effect of cinobufacini on the proliferation of bladder cancer cells may be achieved by increasing apoptosis. Quantitative real-time PCR and western blot analysis were used to detect the expression levels of apoptosis- and autophagy-related proteins, respectively, which revealed that after the treatment with cinobufacini, the expression level of Bcl-2 was significantly decreased, while those of Bax and cleaved caspase-3 were significantly increased, indicating cinobufacini can induce the occurrence of autophagy, that is, this can further confirm that the antitumor effect of cinobufacini is achieved by promoting apoptosis. The above results are consistent with the mechanism of antitumor effect of cinobufacini in pancreatic cancer found by Yin *et al* ([@b17-ol-0-0-8206]). The increased Bcl-2 expression level can inhibit apoptosis of cells, while the increased Bax expression level can promote apoptosis, which is achieved by inhibiting the activity of Bcl-2 ([@b18-ol-0-0-8206]).

Autophagy plays an important role in maintaining cell homeostasis, removing excess or necrotic organelles and so on. In previous years, it was found that the activation or inhibition of autophagy has important significance for the survival of tumor cells ([@b19-ol-0-0-8206]). In the present study, it was found that after the treatment with 0.5 mg/ml cinobufacini, the expression level of autophagy-related gene p62 was increased and that of Atg7 was decreased in the bladder cancer cell line T24. Western blot analysis showed that the expression level of autophagy-related protein p62 was increased, the ratio of LC3-II/I was decreased, and the expression level of Atg7 was decreased. The above results suggested that cinobufacini can effectively reduce the level of autophagy in bladder cancer cells and reduce the occurrence of autophagy. After administration of rapamycin, the levels of the above autophagy- and apoptosis-related proteins were reversed, which were comparable to those of the control group. Apoptosis of bladder cancer cells induced by cinobufacini might be caused by the autophagy pathway. The inhibition of autophagy by cinobufacini could significantly reduce the expression of Bax, which led to the increased expression of Bcl-2, thus increasing the death of tumor cells.

In conclusion, cinobufacini can effectively reduce the survival rate and promote apoptosis of bladder cancer cells. Its mechanism may be to regulate the occurrence of apoptosis through the inhibition of autophagy; cinobufacini has the potential to be developed into a drug for the treatment of bladder cancer, but its other molecular mechanisms in the treatment of bladder cancer still need to be further studied.
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![Detection of cell viability by MT assay. (A) Effects of cinobufacini at different concentrations on cell viability. (B) Effects of different treatment time on cell viability. After the treatment with cinobufacini for 24 h, 0.05, 0.1 and 0.5 mg/ml cinobufacini can significantly reduce the cell viability. \*P\<0.05, \*\*P\<0.01. Cinobufacini (0.5 mg/ml) was used to treat cells for different time periods. At 24 h after treatment, the cell viability was the lowest, which is significantly lower than that of the control group, \*\*P\<0.01.](ol-15-05-7104-g00){#f1-ol-0-0-8206}

![Detection of cell apoptosis by flow cytometer. Condition of the (A) control, (B) 0.05 mg/ml cinobufacini, (C) 0.1 mg/ml cinobufacini, (D) 0.5 mg/ml cinobufacini groups, and (E) statistical graph. Compared with that in the control group, cinobufacini can significantly increase the cell apoptosis level, \*\*P\<0.01.](ol-15-05-7104-g01){#f2-ol-0-0-8206}

![Detection of apoptosis by Hoechst 33258. (A) Hoechst staining of each group and (B) statistical graph. Compared with the control group, cinobufacini can significantly increase the apoptosis level of cells, \*\*P\<0.01.](ol-15-05-7104-g02){#f3-ol-0-0-8206}

![Detection of the expression levels of apoptosis- and autophagy-related genes in cells of each group by real-time quantitative PCR. Compared with those in the control group, the expression level of Bcl-2 is decreased, those of Bax and cleaved caspase-3 are increased, that of p62 is upregulated and that of Atg7 is decreased. The expression levels of these genes are similar to those in the control group after administration of rapamycin. \*\*P\<0.01, compared with control group. PCR, polymerase chain reaction; Bcl-2, B-cell lymphoma-2; Atg7, autophagy-related protein 7.](ol-15-05-7104-g03){#f4-ol-0-0-8206}

![Detection of the expression levels of apoptosis- and autophagy-related proteins in each group by western blot analysis. (A) Protein band graphs of each group; and (B-G) statistical graph of each protein band. Compared with those in the control group, the expression level of Bcl-2 is decreased, those of Bax and cleaved caspase-3 are increased, that of p62 is upregulated, that of Atg7 is decreased, and the ratio of LC3-II/I is reduced, indicating that after administration of rapamycin, above changes in proteins can be reversed and the protein expression level is similar to that in the control group, \*\*P\<0.01. Bcl-2, B-cell lymphoma-2; Atg7, autophagy-related protein 7; LC3, light chain 3.](ol-15-05-7104-g04){#f5-ol-0-0-8206}

###### 

Primer sequences of each gene.

  Genes       Sequence
  ----------- ----------------------------------
  Bax         F: 5′-CTGACGGCAACTTCAACTGG-3′
              R: 5′-GTGAGGAGGCTTGAGGAGTC-3′
  Bcl-2       F: 5′-TGTGTGTGGAGAGCGTCAAC −3′
              R: 5′-GCCAGAGAAATCAAACAGAGG-3′
  p62         F: 5′-AGCTGCCCTCAGCCCTCTA −3′
              R: 5′-GGCTTCTCTTCCCTCCATGTT-3′
  LC3         F: 5′-AACATGAGCGAGTTGGTCAAG −3′
              R: 5′-GCTCGTAGATGTCCGCGAT-3′
  Cleaved     F: 5′-TCACCATTCGGTCAATCAGAGC −3′
  caspase-3   R: 5′-ACCAAGGGAGAACCAGGAAACG-3′
  GAPDH       F: 5′-ACCCACTCCTCCACCTTTGAC −3′
              R: 5′-TCCACCACCCTGTTGCTGTAG-3′

LC3, light chain 3; GAPDH, rabbit anti-glyceraldehyde-3-phosphate dehydrogenase; Bcl-2, B-cell lymphoma-2.
